We have identi®ed and characterized a Drosophila orthologue of SKI2, which, in Saccharomyces cerevisiae, is one of the key components in the cytoplasmic 3
Results and discussion
Ribonucleases are key factors in mRNA degradation, which is a major, but poorly understood aspect of gene regulation (Caponigro and Parker, 1996; Cooperstock and Lipshitz, 1997; Macdonald and Smibert, 1996; Theodorakis and Cleveland, 1996) . There is increasing evidence showing that ribonucleases can be regulated in response to environmental or cellular conditions and that they can target speci®c RNAs (Bosher and Labouesse, 2000; BousquetAntonelli et al., 2000; Sharp and Zamore, 2000) . In the yeast Saccharomyces cerevisiae, the helicase Ski2p, together with a multi-component complex known as thè exosome', has been shown play a key role in the cytoplasmic 3
H ±5 H decay of mRNA (Jacobs Anderson and Parker, 1998; Mitchell et al., 1997; Mitchell and Tollervey, 2000) . To determine whether the 3 H ±5 H decay pathway is likely to be regulated during development, we have characterized the Drosophila homologue of yeast Ski2p.
The Drosophila twister (tst) gene was identi®ed by searching the database with amino-acid sequences encoded by the yeast SKI2 and human SKI2W genes (Dangel et al., 1995; Widner and Wickner, 1993) . Two ESTs (LD23303 and GH09177) were completely sequenced and compared with a genomic sequence contained within clone BACR11E07 located on the 3rd chromosome at 95B9 (Flybase, 1996) . The tst gene (CG10210) contains an open reading frame of 1197 amino-acids which is similar in size to the human orthologue SKI2W (1245 amino-acids) and S. cerevisiae Ski2p (1286 amino-acids; Dangel et al., 1995; Widner and Wickner, 1993) . Comparison of the predicted protein encoded by the tst cDNA ( Fig. 1 ) with other RNA helicases shows that it includes motifs which are typical of the Superfamily II helicase family (de la Cruz et al., 1999) .
Sequencing of the ESTs showed that the 3 H -UTR of GH09177 was 550 nt longer than the 3 H -UTR encoded by EST LD23303. To con®rm that the two transcripts are present in embryos, we carried out 3 H rapid ampli®cation of cDNA ends (RACE) experiments using nested primers on mRNA extracted from these embryos. The 3 H RACE products corresponded exactly to the sizes of these two ESTs, and sequencing of the 3'RACE products showed that they precisely matched the cDNA sequences of the two ESTs ( Fig. 2A and data not shown) . Primer extension analysis using mRNA extracted from 6±8 h embryos gave only one product, corresponding to a 5 H leader of ,290 nt. Fig. 2B shows that tst is expressed as two transcripts (4.0 and 4.5 kb), corresponding to the lengths of the two ESTs. The smaller 4.0 kb transcript is expressed throughout early embryo development (0±12 h) with a decrease in expression in 12±20 h embryos. This transcript is the predominant form during larval and pupal stages and in adult males and females. The larger 4.5 kb transcript is hardly detectable E-mail address: newburys@bioch.ox.ac.uk (S.F. Newbury).
in 0±6 h embryos, but is present in 6±12 h embryos, declines in 12±20 h embryos and is also present in larval and pupal stages. Using antisense probes labelled with digoxygenin (DIG) to detect tst RNAs in oocytes and embryos at different developmental stages, we have shown that tst mRNA is ubiquitously expressed from stage 9 in oogenesis and at all stages of embryogenesis with no obvious spatial expression pattern ( Fig. 2C and data not shown).
To determine whether TST protein levels change during development, we raised polyclonal antibodies to the Nterminal portion of TST protein. Fig. 3A shows that our antibody speci®cally detects TST when expressed in Escherichia coli and S. cerevisiae. In 6±8 h embryos, there are two forms of TST with apparent molecular weights of 150 and 125 kDa (Fig. 3A) . A coupled transcription/ translation in a rabbit reticulocyte system using the EST LD23303 gave a product of 150 kDa, con®rming that translation of this EST normally gives a product similar to the larger from of TST (data not shown). Therefore, the smaller form must be due to substantial and speci®c post-translation modi®cation or protein cleavage.
Analysis of TST protein expression reveals that the smaller form of TST is expressed in 1±8 h embryos (Fig. 3B) and is abundantly expressed in female ovaries (Fig. 3C) . The larger form starts to be expressed in 4±6 h embryos, is the predominant form in 6±8 and 8±12 h embryos, and then levels decrease. Our results suggest that components of the 3 H ±5 H mRNA turnover pathway are differentially expressed, both at the mRNA level and at the protein level, which could have a major impact upon the expression of target RNAs.
Experimental procedures

RNA preparations and analysis
We performed 3 H RACE using the Marathon cDNA Orthologues from human (GenBank accession number, X98378), C. elegans (GenBank accession number, Z68341) and S. cerevisiae (GenBank accession number, L13469) were aligned using CLUSTALW at http://dot.imgen.bcm.tmc.edu:9331/ multi-align/multi-align.html. Shading was done using BOXSHADE at http://ulrec3.unil.ch/software/BOX_form.html. Positions at least 50% identity are shaded in black, and positions at least 50% similarity are shaded in grey. ampli®cation kit (Clontech) which was used according to the manufacturers instructions. For Northern blotting of Drosophila RNA, total RNA was prepared from different life stages of Oregon R wild-type Drosophila using standard techniques (Sambrook et al., 1989) and poly(A) 1 mRNA was isolated using oligo(dT)-cellulose spin columns (NEB). In-situ hybridizations were performed on wildtype (Oregon R) Drosophila embryos using DIG-labelled antisense RNA probes as described previously (Myers et al., 1995) . Antisense tst probes were generated by linearizing EST GH09177 with EcoR1 and transcribing a 2.8 kb antisense RNA with T7 polymerase. Fig. 3 . TST protein expression during development. (A) Western blot of protein extracted from 8±12 h embryos and also from Saccharomyces cerevisiae and Escherichia coli cells expressing Drosophila TST, probed with af®nity puri®ed rabbit anti-TST polyclonal antibodies. The yeast strain used was AJY1990 (MATa, ade2, ade3, leu2, xrnD, Gal 1 ) which carries a 2 m-based plasmid, pAJ33 (2 m XRN1, ADE3, Leu2, Amp r ; kindly provided by A. Johnson, U. Texas) and pJS 105 which expresses full length tst Drosophila cDNA under the control of the GPF promoter (Oliveira et al., 1993) . The two forms of TST are marked by arrows and molecular mass markers are given on the right. The lower band in the yeast sample is the mutant yeast SKI2 protein as it is also present in untransformed cells. (B) Developmental Western blot of protein samples extracted from wild-type embryos and larvae, probed with af®nity puri®ed rabbit anti-TST polyclonal antibodies as in (A). The two forms of TST are indicated. As a loading control, the blot was stripped and reprobed with a mouse monoclonal anti-actin antibody (lower panel) which recognizes Drosophila actin. (B) Western blot of protein extracted from Drosophila adults and body parts, probed with the TST antibody as in (A). The lower panel shows the same blot re-probed with the anti-actin monoclonal antibody which acts as a loading control. (C) Western blot showing expression of TST in ovaries and testes. The same amount of protein was loaded in each lane, but the actin is not detected in ovaries and testes under these conditions. In each case, molecular markers are given on the right.
Antibody production and Western blotting
A fragment encoding the ®rst 177 amino-acids of TST was cloned into the pET28a expression vector using BL21(DE3)pLysS cells host cells and the resulting His± tag fusion protein was puri®ed using af®nity chromatography. Rabbit polyclonal antibodies were then prepared inhouse. SDS±PAGE and Western blotting were performed essentially as described previously (Sambrook et al., 1989) and binding of the polyclonal antibody to TST was detected using the Amersham ECL Western blot reagent kit.
